The paper presents results of measuring thermal conductivity of sand mould material and time of castings solidification evaluated from cooling curves and from Nova Flow & Solid numerical calculations. During the experiments pure Al (99,95%) plate was cast into the sand moulds. The analysed variable parameter in numerical calculations was mould thermal conductivity of fixed value taken from the range 0.5-0.9 W/(mK). Other mould parameters (initial temperature, mass density, heat capacity) and thermo-physical properties of liquid and solid casting were taken invariable. Basing on the measurements it was stated that thermal conductivity of the moulding sand has complex temperature variability, especially during the water vaporization and the obtained dependence should be used in the numerical calculations to improve their accuracy.
Introduction
The amount and rate of heat transferred from a solidifying melt to foundry mould and ambient determines the structure and properties of the casting. Nowadays designing of the casting technology uses numerical simulation of the heat and mass exchange processes. Simulation of the solidification processes requires knowledge of several boundary parameters, among others, the thermo-physical parameters of the system casting -mould -ambient [1] .
For a mould these are: coefficient of thermal diffusivity, coefficient of heat capacity, coefficient of thermal conductivity and mass density. For a casting these are mainly: densities of liquid and solid state, liquid and solid heat capacities and heat of solidification.
The solidification and feeding processes depend on grain-size of the casting, which can be controlled by heterogeneous nucleation and/or or by the intensity of cooling [2, 3] . The latter strongly depends on the mentioned thermo-physical properties of the mould [4] . In foundry practice, in many cases shape castings solidify in sand-moulds. Thermo-physical properties of sand moulds strongly depend on temperature changes, unfortunately these relationships are in most cases unknown. Moreover, the available software packages have mean values of those existing in literature and using them can lead to low accuracy of the calculations. Thus, there is a need of establishing the temperature dependencies of the mentioned thermo-physical properties as well as a need of performing a confrontation: experimental results vs. numerical calculations of the solidification process. Many different methods of measurements of the thermo-physical properties are available in literature, e.g. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and their describing is beyond scope of this paper.
Experimental
In this experiment pure Al plate was cast into wet green-sand mould. During the experiment temperature field of the mould as well as cooling curve of the solidifying casting were registered. The details of the experiment are shown in Figure 1 and are already described in detail in [21] [22] [23] [24] [25] . The sand mould with mounted thermocouples is shown in Figure 2 while Figure 3 shows the same mould with solidified Al plate inside. The material properties of the casting -mould system used during calculations are collected in Table 1 . The measured time of solidification was confronted with the one calculated from the analytical formula (1), [24, 25] :
M C and F C -mass and cooling surface of casting; b M -coefficient of heat accumulation of mould material is given by the mould thermal conductivity λ M , heat capacity C M and density ρ M : Combining relationships:
one can easily calculate required coefficients as follows:
where: a M -heat diffusivity coefficient of the mould material. The a M heat diffusivity coefficient can be determined from the registered temperature field of the mould described by error function [7, 8] :
Results and discussion
The temperature dependence of the investigated green-sand is shown in Figure 4 . From Figure 4 it can be seen that the coefficient of thermal conductivity takes value from the range 1.6-0.7 W/(mK) during the first period of the mould heating by the solidifying casting. During this period also water evaporation and vapour transport from the mould surface-layer to the mould body takes place. Then its value stabilizes and linearly decreases to about 0.55 W/(mK). Fig. 4 . The relationships: thermal conductivity vs. temperature obtained for the examined sand in the Casting Method experiment [21] As mentioned before the same material data were used in numerical calculations by Nova Flow & Solid. The obtained cooling curves during the numerical modelling are shown in Figure 5 while time of solidification for different values of the sand thermal conductivity is shown in Figure 6 . conductivity λ M = 0.6 W/(mK). Thus, it can be concluded, that using mean values the sand thermal conductivity in numerical calculations introduces significant inaccuracy in relation to the value obtained in the experiment, as it can be seen in the last column of Table 2 . Finally, it should be taken into account that only real temperature dependence of thermo-physical properties can ensure high accuracy of the numerical calculations. 
Conclusions
Basing on the presented results the following conclusions can be drawn:
The Casting Method (CM) allows obtaining temperature dependence of the thermo-physical properties.
The CM is performed in real conditions of the poured sand mould, i.e. in contact with molten metal, under hydrostatic pressure of the molten metal during initial period of the metal cooling as well as in condition of the water evaporation from the wet mould.
Using mean values of the sand thermal conductivity in numerical simulations / calculations can lead to very high inaccuracy, for instance the time of solidification may be 20-40% longer than the real one.
Finally, it should be concluded that only real temperature dependence of thermo-physical properties, e.g. measured by the Casting Method, can ensure high accuracy of the numerical simulations and calculations.
